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(57) ABSTRACT 

A light delivery module having a structure in Which com 
ponents can be precisely aligned and be integrated as a 
single unit, and a heat-assisted magnetic recording (HAMR) 
head employing the light delivery module. The light delivery 
module includes: a base having a ?rst groove; a light source 
mounted on the base; an optical device that is installed on 
the base and guides light radiated from the light source; a 
cover member that is bonded to the base to protect the light 
source and the optical device and has a second groove facing 
the ?rst groove; and a nano aperture bonded in the ?rst and 
second grooves to form an enhanced near-?eld by adjusting 
the distribution of the light transmitted through the optical 
device. 
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FIG. 1 (PRIOR ART) 
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FIG. 2 
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FIG. 3 
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FIG. 4A 
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FIG. 5 
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LIGHT DELIVERY MODULE AND 
HEAT-ASSISTED MAGNET RECORDING HEAD 

EMPLOYING THE SAME 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

[0001] This application claims priority from Korean 
Patent Application No. 10-2005-0093909, ?led on Oct. 6, 
2005, in the Korean Intellectual Property Of?ce, the disclo 
sure of Which is incorporated herein in its entirety by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to a light delivery 
module having a structure With Which an enhanced near 
?eld can be realiZed and a heat-assisted magnetic recording 
(HAMR) head employing the same and, more particularly, 
to a light delivery module With components Which can be 
precisely aligned and a HAMR head employing the light 
delivery module. 

[0004] 2. Description of the Related Art 

1. Field of the Invention 

[0005] Since light is produced With a resolution beyond a 
diffraction limit in various ?elds of technology, techniques 
for realiZing an enhanced near-?eld is being studied. 

[0006] Speci?cally, research into the increase of recording 
density by magnetic recording heads has been performed. 
Since a recording bit becomes thermally unstable in a 
magnetic recording method, in Which only a magnetic ?eld 
is used to record data, it is dif?cult to increase recording 
density. To overcome this, a heat-assisted magnetic record 
ing (HAMR) head including a light delivery module that 
radiates light to heat the magnetic recording medium locally 
and thus temporarily reduce the coercive force of the mag 
netic recording medium to facilitate recording has been 
disclosed. 

[0007] Referring to FIG. 1, a conventional HAMR head 10 
includes a magnetic recording unit 20 and a light delivery 
module 30 for heating a magnetic recording medium 40. 

[0008] The magnetic recording unit 20 includes a record 
ing pole 21 for applying a magnetic ?eld to the magnetic 
recording medium 40 and a return pole 25 magnetically 
connected to the recording pole 21 by a yoke 23 to complete 
a magnetic path M. 

[0009] The light delivery module 30 heats a predetermined 
portion A of the magnetic recording medium 40 by near-?eld 
illumination and includes a light source 31 and a light Wave 
guide 35 for guiding the light radiated from the light source 
31. The light source 31 is coupled With the light Wave guide 
35 through an optical ?ber 33 for transferring light and an 
integrated spherical lens 34 for collimating the light emitted 
from the optical ?ber 33. 

[0010] The magnetic recording medium 40 moves in a 
direction D With respect to the HAMR head 10. The heated 
portion A is placed in front of the recording pole 21 due to 
the relative motion of the magnetic recording medium 40. 
Accordingly, since the recording pole 21 magnetically 
records to the heated portion A vertically, thermal instability 
in magnetic recording is overcome. 
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[0011] Since the light Wave guide 35 is attached outside of 
the recording pole 21, When the magnetic recording unit 20 
is moved upWard from the magnetic recording medium 40 
by an air bearing system, a predetermined distance can be 
maintained betWeen the light Wave guide 35 and the mag 
netic recording medium 40. 

[0012] Precise polarization alignment betWeen a nano 
aperture 37 improving light intensity for high density 
recording and the light Wave guide 35 is required. Moreover, 
since the structure, in Which only the light Wave guide 35 
and the nano aperture 37 are combined With the magnetic 
recording unit 20 and the light source 31 and the optical ?ber 
33 are installed in an additional structure (not shoWn), is 
complicated, the number of assembling processes and manu 
facturing costs increase. 

SUMMARY OF THE INVENTION 

[0013] The present invention provides a light delivery 
module having a structure in Which components can be 
precisely aligned and be integrated as a single unit, and a 
heat-assisted magnetic recording (HAMR) head employing 
the light delivery module. 

[0014] According to an aspect of the present invention, 
there is provided a light delivery module comprising: a base 
having a ?rst groove; a light source mounted on the base; an 
optical device that is installed on the base and guides light 
outputted from the light source; a cover member that is 
bonded to the base to protect the light source and the optical 
device and has a second groove facing the ?rst groove; and 
a nano aperture bonded in the ?rst and second grooves to 
form an enhanced near-?eld by adjusting the distribution of 
the light transmitted through the optical device. 

[0015] According to an aspect of the present invention, 
there is provided a heat-assisted magnetic recording 
(HAMR) head comprising a magnetic recording unit Which 
comprises: a recording pole Which applies a magnetic 
recording ?eld; and a return pole magnetically connected to 
the recording pole to complete a magnetic path; and a light 
delivery module Which comprises: a base having a ?rst 
groove; a light source mounted on the base; an optical device 
that is installed on the base and guides light outputted from 
the light source; a cover member that is bonded to the base 
to protect the light source and the optical device and has a 
second groove facing the ?rst groove; and a nano aperture 
bonded in the ?rst and second grooves to form an enhanced 
near-?eld by adjusting the distribution of the light transmit 
ted through the optical device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The above and other features and advantages of the 
present invention Will become more apparent by describing 
in detail exemplary embodiments thereof With reference to 
the attached draWings, in Which: 

[0017] FIG. 1 is a schematic vieW of a conventional 
heat-assisted magnetic recording (HAMR) head; 

[0018] FIG. 2 is a cross-sectional vieW of a light delivery 
module according to an exemplary embodiment of the 
present invention; 

[0019] FIG. 3 is an exploded perspective vieW of the light 
delivery module of FIG. 2; 
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[0020] FIGS. 4A through 4C illustrates a nano aperture of 
the light delivery module of FIG. 2 according to various 
exemplary embodiments of the present invention; and 

[0021] FIG. 5 is a schematic vieW of a heat-assisted 
magnetic recording (HAMR) head according to an exem 
plary embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] The present invention Will noW be described more 
fully With reference to the accompanying draWings, in Which 
exemplary embodiments of the invention are shoWn. 

[0023] FIG. 2 is a cross-sectional vieW ofa light delivery 
module 100 according to an exemplary embodiment of the 
present invention. FIG. 3 is an exploded perspective vieW of 
the light delivery module 100. 

[0024] Referring to FIGS. 2 and 3, the light delivery 
module 100 includes a base 110, an optical device 131 for 
guiding light and a light source 133 installed on the base 110, 
a cover member 120 bonded to the base 110 to protect the 
light source 133 and the optical device 131, and a nano 
aperture 140 forming an enhanced near-?eld. The optical 
device 131 includes a light Wave guide 132 or a lens such as 
a graded index (GRIN) lens or a rod. In the present embodi 
ment, a light Wave guide 132 is included, and the description 
of an embodiment employing a lens as an optical device 131 
Will be omitted. 

[0025] The light delivery module 100 may further include 
a photodetector 135 receiving a portion of light emitted from 
the light source 133 to monitor the light output of the light 
source 133. 

[0026] The base 110 is made ofa material such as silicon, 
and has a ?rst groove 111. 

[0027] The light source 133 is mounted on the base 110 
and radiates a beam With a predetermined Wavelength. The 
light source 133 may be a laser diode radiating light With a 
predetermined polarization. 
[0028] The light Wave guide 132 is bonded to the base 110 
and guides light radiated from the light source 133 toWard 
the nano aperture 140. The light Wave guide 132 guides the 
incident light by internal total re?ection, and is made of a 
material having a relatively high refractive index compared 
to the base 110 and the cover member 120. 

[0029] The light Wave guide 132 is planar, as illustrated in 
FIG. 2, and intensi?es polarization parallel to the Width 
direction of a light emitting surface 13211 of the light Wave 
guide 132. The light Wave guide 132 of the current embodi 
ment is simple and does not include a nano aperture 140, and 
is thus easy to manufacture. 

[0030] The cover member 120 is bonded to the top surface 
of the base 110 and protects the light source 133, the light 
Wave guide 132, and the photodetector 135. Thus, pollution 
of the light emitting surfaces 133a and 13319 of the light 
source 133 and the light receiving surface 13511 of the 
photodetector 135 can be reduced. The cover member 120 
has a second groove 121 facing the ?rst groove 111. 

[0031] Accordingly, precise polariZation alignment 
betWeen the light Wave guide 132 and the nano aperture 140 
can be achieved by installing the nano aperture 140 betWeen 
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the ?rst and second grooves 111 and 121 considering the 
polariZation of the incident light. 

[0032] The cover member 120 further includes bonding 
bridges 125 connected to the base 110. The bonding bridges 
125 protrude toWard the base 110 and are disposed around 
the light source 133, the light Wave guide 132, and the 
photodetector 135. 

[0033] A ?rst space 127 for accommodating the light Wave 
guide 132 and a second space 129 for accommodating the 
light source 133 and the photodetector 135 are formed 
betWeen the tWo bonding bridges 125. Accordingly, When 
the cover member 120 is bonded to the base 110, damage to 
the electric Wiring of the light source 133 and the photode 
tector 135 is prevented. 

[0034] The nano aperture 140 is bonded in the ?rst groove 
111 and the second groove 121. The nano aperture 140 forms 
an enhanced near-?eld by the adjusting the distribution of 
light transmitted through the light Wave guide 132. FIGS. 4A 
through 4C illustrate nano apertures of the light delivery 
module according to various exemplary embodiments of 
present invention. 

[0035] FIG. 4A illustrates a nano aperture 141 With a “C” 
shape. Referring to FIGS. 3 and 4A, the light Which is 
transmitted through the light Wave guide 132 is polariZed, 

that is, the electrical ?eld E is polariZed parallel to the Width 
direction of the light emitting surface 13211. As the C-shaped 
nano aperture 141 is disposed as illustrated in FIG. 4A, the 
electrical ?eld is enhanced by electric dipole vibration in the 
narroW center of the nano aperture 141, and thus light energy 
in a Wide area can be focused locally. Accordingly, light 
having partially enhanced light energy can be transmitted. L 
denotes the radius of a beam of the light incident on the nano 
aperture 141. 

[0036] FIG. 4B illustrates a boW-tie shaped nano aperture 
143. FIG. 4C illustrates an X-shaped nano aperture 145. In 
the apertures 143 and 145 of FIGS. 4B and 4C, the electrical 
?eld formed at the center point of the apertures 143 and 145 
increases a great deal, and thus the light energy can be 
focused locally as in FIG. 4A. 

[0037] FIG. 5 is a schematic vieW of a heat-assisted 
magnetic recording (HAMR) head according to an exem 
plary embodiment of the present invention. Referring to 
FIG. 5, the HAMR head includes a magnetic recording unit 
200 and a light delivery module 100 for heating a magnetic 
recording medium 300. 

[0038] The magnetic recording unit 200 includes a record 
ing pole 210 applying a magnetic recording ?eld to the 
magnetic recording medium 300, a return pole 220 mag 
netically connected to the recording pole 210 by a yoke 230 
to complete a magnetic path M, and a magnetiZed coil 240 
Wrapped around the yoke 230. The magnetic recording unit 
200 may include a recording head (not shoWn). The record 
ing head is Well knoWn in the art, and thus a description 
thereof Will be omitted. 

[0039] The light delivery module 100 heats a predeter 
mined portion A' of the magnetic recording medium 300 
through near-?eld illumination, and is formed as a single 
unit. The light delivery module 100 includes a base 110 
attached to the magnetic recording unit 200, and an optical 
device 131, a light source 133, a photodetector 135 for 
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monitoring light output, a cover member 120, and a nano 
aperture 140 are connected to the base 110. The light 
delivery module 100 is the same as the light delivery module 
100 in FIGS. 2 through 4C, and the description thereof Will 
not be repeated. 

[0040] The magnetic recording medium 300 moves in a 
direction D' With respect to the HAMR head. The heated 
portion A' moves beloW the recording pole 210 due to the 
relative motion of the magnetic recording medium 40. 
Accordingly, since the recording pole 210 magnetically 
records to the heated portion A' vertically, thermal instability 
in magnetic recording is prevented. 

[0041] Since the external surface of the base 110 is 
attached outside of the recording pole 210, When the mag 
netic recording unit 200 is moved upWard from the magnetic 
recording medium 300 by an air bearing system, a prede 
termined distance can be maintained betWeen the nano 
aperture 140 and the magnetic recording medium 300. 

[0042] In the light delivery module according to the 
present invention, an optical device and a nano aperture are 
installed using a base and a cover member so that precise 
alignment betWeen the optical device and the nano aperture 
can be achieved. Moreover, a nano aperture is not attached 
to an end of the optical device but manufactured separately, 
and thus the manufacturing process is easy. Also, since a 
light source and a photodetector for monitoring are installed 
in the inner space of the cover member, the pollution thereof 
can be reduced. 

[0043] Furthermore, the structure of the HAMR head 
according to the present invention is simpli?ed since the 
light delivery module is formed as a single unit and is 
attached to the magnetic recording unit, and thus the number 
of manufacturing processes and manufacturing costs are 
reduced. 

[0044] While the present invention has been particularly 
shoWn and described With reference to exemplary embodi 
ments thereof, it Will be understood by those of ordinary 
skill in the art that various changes in form and details may 
be made therein Without departing from the spirit and scope 
of the present invention as de?ned by the folloWing claims. 

What is claimed is: 
1. A light delivery module comprising: 

a base having a ?rst groove; 

a light source mounted on the base; 

an optical device that is installed on the base and guides 
light outputted from the light source; 

a cover member that is bonded to the base to protect the 
light source and the optical device and has a second 
groove facing the ?rst groove; and 

a nano aperture bonded in the ?rst and second grooves to 
form an enhanced near-?eld by adjusting the distribu 
tion of the light transmitted through the optical device. 

2. The light delivery module of claim 1, Wherein the 
optical device comprises one of a light Wave guide and a lens 
for guiding incident light. 

3. The light delivery module of claim 1, further compris 
ing a photodetector that is interposed betWeen the base and 
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the cover member and receives a portion of the light emitted 
from the light source to monitor a light output of the light 
source. 

4. The light delivery module of claim 3, Wherein the 
optical device comprises one of a light Wave guide and a lens 
for guiding incident light. 

5. The light delivery module of claim 3, Wherein the cover 
member comprises bonding bridges that face the base and 
are disposed outside the light source, the optical device, and 
the photodetector. 

6. The light delivery module of claim 5, Wherein the 
optical device comprises one of a light Wave guide and a lens 
for guiding incident light. 

7. A heat-assisted magnetic recording (HAMR) head 
comprising: 

a magnetic recording unit Which comprises: 

a recording pole Which applies a magnetic recording 
?eld; and 

a return pole magnetically connected to the recording 
pole to complete a magnetic path; and 

a light delivery module Which comprises: 

a base having a ?rst groove; 

a light source mounted on the base; 

an optical device that is installed on the base and guides 
light outputted from the light source; 

a cover member that is bonded to the base to protect the 
light source and the optical device and has a second 
groove facing the ?rst groove; and 

a nano aperture bonded in the ?rst and second grooves 
to form an enhanced near-?eld by adjusting the 
distribution of the light transmitted through the opti 
cal device. 

8. The HAMR head of claim 7, Wherein the optical device 
comprises one of a light Wave guide and a lens for guiding 
incident light. 

9. The HAMR head of claim 7, Wherein the light delivery 
module is interposed betWeen the base and the cover mem 
ber and receives a portion of the light emitted from the light 
source to monitor the light output of the light source. 

10. The HAMR head of claim 9, Wherein the cover 
member further comprises bonding bridges that face the 
base and are disposed outside the light source, the optical 
device, and the photodetector. 

11. The HAMR head of claim 7, Wherein an external 
surface of the base is attached to the outside of the recording 
pole. 

12. The HAMR head of claim 11, Wherein the light 
delivery module further comprises a photodetector that is 
interposed betWeen the base and the cover member and 
receives a portion of the light emitted from the light source 
to monitor the light output of the light source. 

13. The HAMR head of claim 12, Wherein the cover 
member further comprises bonding bridges that face the 
base and are disposed outside the light source, the optical 
device, and the photodetector. 

* * * * * 


